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Our findings suggest that implementing interna-
tional travel controls earlier delayed the initial epi-
demic peak by ≈5 weeks. Although travel restrictions 
did not prevent the virus from entering most coun-
tries, delaying its introduction bought valuable time 
for local health systems and governments to prepare 
to respond to local transmission.
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Progressive multifocal leukoencephalopathy 
(PML) is a devastating infectious disease of the 

brain that is caused by JC virus (JCV) in the context of 
cellular immunodeficiency. To date, no effective anti-
viral treatment for PML exists, and survival depends 
on the person’s ability to achieve timely immune  

Atezolizumab successfully reinvigorated JC virus immu-
nity in a patient in Belgium with progressive multifocal 
leukoencephalopathy, as demonstrated by clinical, viro-
logic, and radiologic response to treatment. However, the 
treatment also resulted in immune reconstitution inflam-
matory syndrome and life-threatening immune-related 
adverse events. These conditions were treated with cor-
ticosteroids, leading to treatment resistance.
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reconstitution. Otherwise, the prognosis is particular-
ly grim; the mortality rate is 90% for hematologic ma-
lignancy–associated PML (1). Immune checkpoints 
are costimulatory and coinhibitory molecules usually 
expressed on the surface of immune cells and modu-
lating their activation. Several authors have reported 
successful PML treatment using immune checkpoint 
inhibitors (ICIs) targeting programmed cell death 
protein 1 (PD1), but whether ICIs targeting other 
proteins such as programmed death-ligand 1 (PD-L) 
could also treat PML is unknown (2).

A 77-year-old woman living in Belgium and with 
medical history of asymptomatic interstitial lung dis-
ease and B-cell chronic lymphocytic leukemia treated 
with chlorambucil and obinutuzumab was admitted 
for aphasia, cerebellar ataxia, and cognitive decline 
that had progressed over 3 months. Complete blood 
count and flow cytometry revealed lymphopenia af-
fecting all lymphocyte subsets (280 CD4+ cells/μL, 80 
CD8+ cells/μL, 30 CD19+ cells/μL). Brain magnetic 
resonance imaging (MRI) showed T2-weighted hyper-
intense, nonenhancing, multifocal white matter lesions 
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/28/1/20-4809-App1.pdf). Analysis of cerebro-
spinal fluid (CSF) revealed 733,845 JCV copies/mL, 
which enabled a definite diagnosis of PML (3). To treat 
PML, we administered atezolizumab, an anti–PD-L1 
humanized monoclonal antibody, at 1,200 mg every 
3 weeks. Clinical follow-up consisted of daily physi-
cal and neurologic examinations. To monitor immune 
exhaustion, we performed immunophenotyping on 
blood specimens by using multicolor flow cytometry 
the day before and 5 weeks after treatment initiation.

One week after treatment initiation, we noted 
improvement of aphasia and cognitive function. 

The next week, the patient experienced abdomi-
nal pain, psoriasis-like skin lesions, an episode of 
transient third-degree atrioventricular block, and 
a right hemicorporeal clonic seizure, after which 
mental status was persistently altered. JCV load 
in the CSF was considerably reduced to 945 cop-
ies/mL (Figure). Brain MRI showed progression 
of lesions visualized on T2 and fluid-attenuated 
inversion recovery sequences and an increased ap-
parent diffusion coefficient signal, compatible with 
vasogenic edema (Appendix Figure 1). Despite the 
absence of classical immune reconstitution inflam-
matory syndrome (IRIS) features, including gado-
linium enhancement, we considered these radio-
logic characteristics, together with a paradoxical 
clinical deterioration in viral clearance, to be mark-
ers of immune reconstitution. Suspecting IRIS and 
skin, cardiac, and enteral immune-related adverse 
events (IRAEs), we administrated intravenous 
methylprednisolone (1 g/d for 10 d), followed by 
oral taper over 6 weeks. This regimen resulted in a 
substantial improvement of her mental status, de-
crease of the edema seen on brain MRI, and resolu-
tion of all other systemic complications. However, 
3 weeks after corticosteroid initiation, the patient 
demonstrated progressive decrease of alertness, 
new rise of viral load in the CSF, and expansion of 
PML lesions as shown on brain MRI (Figure). She 
died of aspiration pneumonia 3 weeks later.

In parallel, atezolizumab treatment was associ-
ated with a decrease in detection of PD1 on CD8+ T 
cells in peripheral blood, but its expression on CD4+ 
cells remained unchanged (Appendix Figure 2). We 
observed no substantial change in CD3+, CD4+, and 
CD8+ cell counts after treatment.

Figure. Clinical course 
and evolution of JC virus 
load in CSF of 77-year-
old patient undergoing 
atezolizumab therapy for 
progressive multifocal 
leukoencephalopathy. CSF, 
cerebrospinal fluid; IRAEs, 
immune-related adverse 
events; JCV, JC virus.
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In this case, atezolizumab successfully counter-
acted immune exhaustion to reinvigorate JCV immu-
nity as reflected by several elements: the initial clini-
cal improvement, the reduction of PD1 expression on 
blood CD8+ T cells, the marked JCV load reduction in 
CSF, and the development of a clinical IRIS. However, 
the clinical IRIS and the severe life-threatening IRAEs 
required administration of high-dose corticosteroids. 
Because corticosteroids impair JCV-specific T-cell re-
sponse and mitigate beneficial ICIs effects (4,5), meth-
ylprednisolone likely resulted in treatment resistance, 
which led to PML progression and, ultimately, death.

Evidence is growing that immune exhaustion, 
and notably the PD1 pathway, is involved in PML 
pathophysiology (6). PD1-expressing lymphocytes 
colocalize with PD-L1+ macrophages in PML lesions, 
thereby indicating they might function as T-cell part-
ners in immune exhaustion (7). Considering the histo-
ry of interstitial lung disease in our patient, we chose 
to target PD-L1 to leave intact the interaction between 
PD1 and its alternative ligand, PD-L2, which had the 
theoretical benefit of promoting self-tolerance in the 
lungs, where the PD1/PDL-2 pathway plays a role in 
regulating inflammation (8). Accordingly, despite a 
striking systemic inflammatory response, our patient 
did not experience pulmonary IRAE.

Treating PML with ICIs targeting proteins other 
than PD1 opens the way to a new therapeutic strat-
egy: reinvigorating JCV immunity by using com-
binations of ICIs. In cancer therapy, compensatory 
upregulation of alternative immune checkpoints 
is 1 of the mechanisms of ICI resistance, and PD1/
PD-L1 pathway blockade is already combined with 
inhibition of cytotoxic T lymphocyte antigen 4 to treat 
metastatic melanoma. Moreover, novel ICIs are be-
ing developed, and their combination with current 
ICIs is already considered a possibility (9). Because 
upregulation of alternative immune checkpoints has 
been observed in unsuccessful PML treatment with 
anti-PD1 antibodies (10), patients with PML might 
also benefit from these promising synergic therapeu-
tic combinations.
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Hepatitis C virus (HCV) infection carries high risk 
for progression to chronic status and liver com-

plications, such as cirrhosis and cancer. Transmission 
usually occurs through blood (e.g., during medical 
procedures, blood transfusions, tattooing, or intra-
venous drug use). Because those who clear the virus 
remain HCV antibody positive, testing for viral RNA 
is essential for diagnosis of chronic infection (1).

We conducted a cross-sectional, hospital-based 
study during May 2017–March 2019 to determine sero-
prevalence and genotyping of HCV in Saravan Province 

in southern Laos. Saravan Province has a population of 
≈400,000 distributed over 8 districts, 2 bordering Viet-
nam to the east and 2 bordering Thailand to the west. In 
2017, only 8.5% of men and 6.9% of women had health 
insurance; 36.8% of the provincial population was in the 
poorest wealth index quartile; 17.8% of households had 
no electricity; and only 54.3% of men and 44.7% of wom-
en were literate, the lowest literacy rates in Laos (2).

We nonrandomly selected 753 participants from 
a larger study (Appendix, https://wwwnc.cdc.gov/
EID/article/28/1/21-1307-App1.pdf) (3); participants 
were persons >5 years of age who were recruited for the 
larger study while seeking care at the provincial hospi-
tal or 1 of 3 district hospitals. Overall, 11.7% (88) par-
ticipants were HCV antibody seropositive, compared 
with <2% in previous studies in Laos (4,5) (Figure; Ap-
pendix). Only 2 seropositive patients were at the hos-
pital for hepatitis-related reasons; HCV seroprevalence 
was not significantly different regardless of whether 
or not participants sought care for reasons associated 
with hepatitis. After multivariate analysis, those >30 
years of age had much higher seroprevalence (70/350, 
20%) than those <30 years of age (18/403, 4.5%; odds 
ratio [OR] 4.2; p<0.001). This higher seroprevalence in-
dicates either that older adults are at higher risk for ex-
posure or that the older adults were infected some time 
ago, during childhood or early adulthood. Participants 
who practice Animism had a slightly higher seroprev-
alence (81/495; 16.4%) than followers of Buddhism or 
other faiths (7/258, 2.7%; OR 3.0; p = 0.02), and mar-
ried participants had slightly higher seroprevalence 
(81/485, 16.7%) than single participants (7/268, 2.6%; 
OR 2.7; p = 0.04), although the associated risk factors 
are unknown (Table; Appendix).

Whether the observed west–east increase in se-
roprevalence is related to the proximity of Samuoi 
district (24.4% anti-HCV seropositive) to the Viet-
nam border remains unclear (Figure; Appendix). Al-
though HCV seroprevalence in Quang Tri, a border-
ing province in Vietnam, has been reported to be <1% 
(6), much higher rates were found in different groups 
at high risk in Vietnam, such as intravenous drug us-
ers (IDU) and men who have sex with men (MSM) (7). 
We could find no reported link between the Samuoi 
district population and the IDU or MSM communities 
in Vietnam, although this link remains possible. 

Seroprevalence was significantly higher among 
the Pako ethnic group (66/265, 24.9% vs. 22/488, 
4.5%; OR 5.1; p<0.001), which makes up most of the 
population in Samuoi district but not elsewhere. The 
Pako practice nonsterile teeth filing and lacquering 
during early adolescence with shared equipment 
and associated bleeding, although this practice is 

During 2017–2019, a total of 88/753 (11.7%) of patients 
5–90 years of age in hospitals in Saravan Province, Laos, 
were seropositive for hepatitis C virus antibodies. Viral 
RNA was found in 44 samples. Sequencing showed high 
diversity within genotype 6. We recommend exposure-
risk investigations and targeted testing and treatment.
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Appendix Figure 1. Evolution of brain MRI scans of a 77-year-old woman undergoing atezolizumab 

therapy for progressive multifocal leukoencephalopathy. ADC, apparent diffusion coefficient; FLAIR, 

fluid attenuated inversion recovery; MRI, magnetic resonance imaging; T1 + G, T1 after gadolinium 

injection. 
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